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ABSTRACT 
  
The search for alternatives that could circumvent the use of synthetic antimicrobial 
compounds is the result of a worldwide demand for novel antimicrobial agents from 
natural sources. This study covered the screening and investigation of the antibacterial 
potential of freshwater green microalga Scenedesmus sp. isolated from temporary rock 
pools of Taman Negara Johor Endau Rompin, Malaysia. Crude pigment and lipid 
extracts from the microalga were tested using the agar well diffusion method for their 
antibacterial activity against foodborne pathogens, Staphylococcus aureus (ATCC 
25923) and Salmonella sp. (ATCC 14028). Following that, antibacterial activities of 
the extracts were evaluated in food spiked with Staphylococcus aureus (ATCC 25923) 
through bacterial colony count. The minimum inhibitory concentrations (MIC) of both 
extracts were assessed using macro broth dilution assay. The results of this study 
showed the pigment extract at concentrations ranging from 0.35 mg/ml – 3.48 mg/ml 
exhibited antibacterial activity against Staphylococcus aureus (ATCC 25923) with 
mean zones of inhibition from 4.67 mm – 17.33 mm. Likewise, the lipid extract at 
concentrations ranging from 0.085 mg/ml - 0.85 mg/ml exhibited antibacterial activity 
against Staphylococcus aureus (ATCC 25923) with mean zones of inhibition from 
1.33 mm – 15.67 mm. However, both extracts did not show any activity against 
Salmonella sp. (ATCC 14028). The MIC of the pigment and lipid extracts were 
80 μg/ml and 21 μg/ml respectively. In food spiked with S. aureus (ATCC 25923), 
outnumbered bacterial colonies were observed from both samples of lipid (0.1 mg/ml 
- 0.2 mg/ml) and pigment (0.41 mg/ml - 0.81 mg/ml). However, there was no growth 
of bacterial colonies in both samples of lipid at 0.8 mg/ml - 1 mg/ml and pigment at 
2.83 mg/ml - 4.05 mg/ml. The results of the antibacterial activity indicates that 
Scenedesmus sp. extracts of either lipid or pigment contains secondary metabolites 
with great potential as a food additive.   
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ABSTRAK 
Pencarian alternatif yang dapat menghalang penggunaan antimikrob sintetik 
merupakan hasil permintaan dunia terhadap antimikrob baharu berasaskan sumber 
semula jadi. Kajian ini meliputi penyaringan dan penyiasatan potensi antibakteria bagi 
mikroalga air tawar hijau Scenedesmus sp. yang diasingkan daripada kolam batu 
sementara di Taman Negara Johor Endau Rompin, Malaysia. Ekstrak kasar bagi 
pigmen dan lipid daripada mikroalga telah diuji dengan kaedah resapan telaga agar 
bagi aktiviti antibakteria terhadap patogen bawaan makanan, Staphylococcus aureus 
(ATCC 25923) dan Salmonella sp. (ATCC 14028). Berikutnya, aktiviti antibakteria 
daripada ekstrak tersebut telah dinilai dalam makanan yang dicemari dengan 
Staphylococcus aureus (ATCC 25923) melalui kiraan koloni bakteria. Kepekatan 
minimum perencatan (MIC) kedua-dua ekstrak telah dinilai menggunakan assai makro 
pencairan. Keputusan kajian ini menunjukkan ekstrak pigmen pada kepekatan 
daripada 0.35 mg/ml - 3.48 mg/ml mempunyai aktiviti antibakteria terhadap 
Staphylococcus aureus (ATCC 25923) dengan zon minimum perencatan daripada 4.67 
mm - 17.33 mm. Selain itu, ekstrak lipid pada kepekatan antara 0.085 mg/ml - 0.85 
mg/ml menunjukkan aktiviti antibakteria terhadap Staphylococcus aureus (ATCC 
25923) dengan zon minimum perencatan daripada 1.33 mm - 15.67 mm. 
Walaubagaimanapun, kedua-dua ekstrak tidak menunjukkan sebarang aktiviti 
terhadap Salmonella sp. (ATCC 14028). MIC daripada ekstrak pigmen dan lipid 
adalah masing-masing 80 μg/ml dan 21 μg/ml. Dalam makanan tercemar dengan S. 
aureus (ATCC 25923), pertumbuhan koloni bakteria yang dapat diperhatikan dari 
kedua-dua sampel lipid ialah (0.1 mg/ml - 0.2 mg/ml) dan pigmen (0.41 mg/ml - 0.81 
mg/ml). Walau bagaimanapun, tidak ada pertumbuhan koloni bakteria dalam kedua-
dua sampel lipid pada 0.8 mg/ml - 1 mg/ml dan pigmen pada 2.83 mg/ml - 4.05 mg/ml. 
Keputusan aktiviti antibakteria menunjukkan bahawa ekstrak lipid atau pigmen 
Scenedesmus sp. mengandungi metabolit sekunder yang mempunyai potensi besar 
sebagai bahan tambahan makanan. 
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INTRODUCTION 
1.1 Background of study 
The potentials of microalgae and its products to be used as nutraceuticals or functional 
foods has been researched, reviewed and accepted for some years now. Several high-
value products from microalgae have been used for human or animal nutrition and 
other uses. Because of the unique diversity of microalgae, it has the capability to be a 
valuable source of products that supports food (for both human and animal nutrition), 
cosmetics, pharmaceuticals and biofuel industries (Olaizola, 2003; Pulz & Gross, 
2004). 
Arrays of biologically active substances have been extracted from several 
microalgal species both as cell extracts and extracellular products which have been 
found to possess antimicrobial activities. These activities can be antibacterial, 
antifungal, antialgal and antiprotozoal. Developing commercial products from 
microalgae is not a new concept and annually, about 75 % of microalgal biomass 
produced is used for the manufacture of powders, tablets, capsules, or pastilles 
(Nasseri et al., 2011).     
Globally, the incidence of food borne diseases has a significant level of 
morbidity. It has affected people’s health as many people become sick and even die as 
a result of ingesting certain microorganisms or their toxins through unsafe foods. 
A wide variety of etiological agents such as bacteria, viruses and parasites has also 
been associated with food poisoning (Gündüz et al., 2011). A significant source of 
food borne infection and illnesses worldwide has been reported to be Staphylococcus 
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aureus (S. aureus), this is due to its ability to produce several enterotoxins that are heat 
resistant (Shimizu et al., 2000; Reiser et al 1984). Annually, about 30% of people fall 
ill due to foodborne diseases in industrialized nations and it is more likely to be higher 
in developing nations. It is estimated that each year roughly 1 in 6 Americans (or 48 
million people) get sick, 128,000 are hospitalized, and 3,000 die of foodborne diseases 
(CDC, 2014). A survey carried out in late 2010 found that the Chinese consider food 
safety the second greatest risk they face in daily life after earthquakes (Alcorn and 
Ouyang, 2012). In Malaysia, foodborne diseases are not rare, and outbreaks occur 
mainly due to insanitary food handling procedures. This is usually the cause of more 
than 50% of all poisoning episodes (Abdul-Mutalib et al., 2015; Sharifa Ezat et al., 
2013).   
According to the Ministry of Health Malaysia (2010), there has been a steady 
increase in the number of food poisoning cases as evident by the incident rate of 36.17 
in 2009 and 44.18 in 2010 per 100,000 population. There was a slight increase by the 
end of 2013 as the incident rate of food poisoning was 47.79 per 100,000 population 
(Ministry of Health Malaysia, 2014). 
1.2 Problem statement  
The safety aspects of chemical or synthetic food additives are being increasingly 
questioned thereby leading to a demand for naturally occurring food preservatives 
worldwide. The potential of Scenedesmus sp. extracts inhibiting the growth of S. 
aureus and Salmonella sp. will be a great feat in defeating bacteria that are constant 
threats to food formulations.   
1.3 Objectives of study 
(i)        To extract pigment and lipid from Scenedesmus sp. 
(ii)      To determine whether both the lipid and pigment extracts of Scenedesmus sp. 
has antibacterial potential against S. aureus and Salmonella sp. 
(iii)     To evaluate the activity of both lipid and pigment extracts of Scenedesmus sp. 
in food spiked with foodborne S. aureus. 
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1.4 Scope of study 
This investigation was carried out to determine the antibacterial potentials of lipid and 
pigment extracts of Scenedesmus sp. The study covered the collection and isolation of 
Scenedesmus sp. from the rocky pools of Endau rompin, Johor, Malaysia. The 
microalga was mass cultured in bold basal medium (BBM) at a temperature of 25 ℃ 
with illumination from sunlight. Pigment and lipid were extracted from the cultured 
microalgae and were used to test inhibitory action on foodborne S. aureus and 
Salmonella sp. using the agar well diffusion and pour plate method.  
1.5        Significance of study 
Bioactive compounds from microalgae are regarded as functional ingredients of 
natural origin which can be used to replace synthetic compounds that are currently 
used in food formulations. This growing interest in microalgae and its products has led 
to the extraction of many important bioactive compounds with promising biological 
activities including inhibiting bacterial growth. The significance of this study 
therefore, is to investigate the antibacterial potential of Scenedesmus sp. in inhibiting 
foodborne pathogen Staphylococcus aureus. 
  
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
2.1 Microalgae  
Microalgae are among the oldest living organisms that does not have roots, stems, and 
leaves and have chlorophyll a as their primary photosynthetic pigment (Brennan & 
Owende, 2010). Although the mechanism of photosynthesis in these microorganisms 
is very similar to that of higher plants, they are generally known to be more efficient 
converters of solar energy because of their simple cellular structure. Because 
microalgae can grow in aqueous suspension, they have easier access to water, CO2 and 
other essential nutrients than higher plants (Chisti, 2007). 
Microalgae use inorganic compounds as a source of carbon, and as autotrophs, 
they can be photoautotrophic by using light as a source of energy, or 
chemoautotrophic, by oxidizing inorganic compounds for energy. Photosynthesis is a 
key component for the survival of autotrophic algae, whereby solar radiation and CO2 
absorbed by chloroplasts are being converted into adenosine triphosphate (ATP) and 
O2 (Brennan & Owende, 2010). 
2.2 Scenedesmus sp. 
Freshwater microalgae are widely distributed in rivers, lakes and polar waters and they 
exhibit a diverse range of cellular, morphological, structural and biochemical 
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composition (Chu et al., 2004). Scenedesmus belongs to the order Sphaeropleales of 
the family Scenedesmaceae which is frequently dominant in freshwater lakes and 
rivers (Borowitzka and Borowitzka, 1988; Guiry, 2014). To date, there are 74 
taxonomically recognized species of Scenedesmus (Guiry, 2015). The species differ 
exceedingly in their morphologies thereby making identification difficult. However, 
Scenedesmus sp. can exist as unicellular organisms and are also often found 
in coenobia of four or eight cells (Miquel and Ellen, 2000). Fossil records have dated 
Scenedesmus 70 to 100 million years ago.  Many species of this genus are being used 
worldwide for various purposes due to their ability to adapt to harsh environmental 
conditions, ability to grow rapidly and ease of cultivation and handling (Miquel, 2003; 
Pulz and Gross 2004). Likewise Scenedesmus sp. have been used in many 
biotechnological applications due to their high nutritional content and bioactivities 
(Chacón-Lee and Gonzalez - Marino 2010; Guedes et al., 2011a). 
  
 
Figure 2.1: Scenedesmus sp.
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2.2.1 Factors influencing microalgal growth 
Algae have several requirements in their environment and many important parameters 
that affect growth. Important parameters are to be considered when cultivating algae 
for production purposes, and these include; nutrients, light, pH, temperature and 
agitation. 
2.2.1.1    Nutrients 
Microalgae can obtain nourishment through two major ways namely; autotrophy using 
light and/or heterotrophy using chemical compounds as their sources of energy. When 
algae are grown photoautotrophically, it will basically need light and inorganic CO2 to 
fulfill the energy demands and water for O2 production (Grobbelaar, 2007). As much 
as water is crucial for algae growth, it does not consume water as much as higher plants 
(Lan et al., 2008). Major elements needed for the formation of organic compounds 
within algae include; carbon (C), hydrogen (H), oxygen (O), nitrogen (N), sulfur (S), 
phosphorous (P), potassium (K), sodium (Na), calcium (Ca), magnesium (Mg), 
chlorine (Cl)  and trace elements needed for growth are iron (Fe), manganese (Mn), 
copper (Cu), zinc (Zn), cobalt (Co) and molybdenum (Mo). (Geider & MacIntyre, 
2002).   
According to Riebesell & Wolf-Gladrow (2002), nutrient uptake by cells 
occurs primarily by molecular diffusion. Kong et al. (2009) stated that, the rate of 
diffusion transport depends on three parameters, such as the concentration gradient 
from bulk medium to cell surface, the diffusion coefficient of the nutrient and the 
thickness of the diffusive boundary layer and these parameters can be affected by the 
microalga itself whose cells can control the nutrient concentrations at the cell surface 
thereby controlling the concentration gradient. HCO3
− and CO2 are two forms in which 
microalgae take up and utilize carbon. CO2 is the only form of carbon with electric 
neutrality that crosses the membrane passively and even when HCO3
−  is utilized as a 
carbon source it can only occur via an active uptake or by extracellular conversion 
from HCO3
− to CO2 through enzymatic activity (Riebesell & Wolf-Gladrow, 2002). 
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2.2.1.2    Light and photosynthesis 
Photosynthetic reaction is a reduction-oxidation reaction driven by light where 
chlorophylls present in plants harvest the light  (Masojidek & Koblizek, 2007) either 
naturally by the sun or artificially by lamps and is essential for growth of 
photosynthetic organisms (Lee & Shen, 2007). Photoautotrophs are known to convert 
energy from sunlight and inorganic compounds, such as CO2, into energy-rich organic 
compounds (Masojidek & Koblizek, 2007).  
 In theory, microalgae can reach a 10 % total light energy conversion to 
primary products or maybe even up to 20 % but this is true only for low light intensities 
(Benemann, 2007; Lan et al., 2008). When algae are exposed to full sunlight intensity, 
a light energy conversion of only 3 % can be achieved (Benemann, 2007). The range 
of possible wavelengths for photosynthesis is the visible light spectrum from purple of 
380 nm to red at 750 nm (Mathews et al., 2000). The summary of photosynthesis can 
be written in a reaction equation below (Geider & MacIntyre, 2002): 
Summary equation of photosynthesis;  
          6CO2 + 12H2O + light → C6H12O6 + 6O2 + 6H2O                    (2.1) 
 
Photosynthetic reaction is divided into two separate processes, the light and 
dark reaction (Masojidek & Koblizek, 2007). In the light reaction, light energy is used 
to produce NADPH, and the energy-rich compound ATP which are further used in the 
dark reaction (Mathews et al., 2000).  
2.2.1.3    Light harvesting pigments  
All organisms capable of undergoing photosynthesis contain organic light harvesting 
pigments. Pigments are classified into three major classes namely; chlorophylls, 
carotenoids and phycobilins (Masojidek & Koblizek, 2007). Chlorophylls are green 
pigments and carotenoids are yellow or orange and both are lipophilic while 
phycobilins on the other hand are hydrophilic. Chlorophyll a, b, c and d exist in all 
oxygenic photoautotrophs of which chlorophyll c lacks a long chain terpenoid alcohol 
(Masojidek & Koblizek, 2007). Chlorophyll a exists within all photoautotrophic 
organisms functioning as the main light harvesting pigment and is a primary part of 
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the protein pigment complexes (Karl et al., 2002). All chlorophyll molecules have two 
major absorption wavelengths, at blue-green (450 - 475 nm) and red (630 - 675 nm) 
visible light spectrum. The chlorophyll b, c and d extend the absorption range of 
chlorophyll a thereby making the absorbance spectrum for different species unique but 
it also depends on the ratio between chlorophyll types (Mathews et al., 2000). The 
total pigment content varies from 0.1 – 9.7 % of wet biomass and chlorophyll a can 
vary a 30-fold depending on changes within the species, temperature, light or level and 
type of nutrients (Harrison et al., 2011).  
Carotenoids are biological chromophores which exist in different variants 
within algae with different roles in the cells, but all functions are connected to light 
harvesting (Mathews et al., 2000). The absorption spectrum of carotenoids lies within 
the interval of 400 to 550 nm (Masojidek & Koblizek, 2007). Carotenoids such as 
carotenes (e.g. α-carotene and β-carotene) and xanthophylls (e.g. lutein and 
zeaxanthin) could be present in algae. Their various functions includes; facilitation of 
photosynthesis by aiding the excitation of chlorophyll a, which is a structural part in 
the pigment-protein complexes and as a defense mechanism to excess irradiance, i.e. 
carotenoids are produced by cells under irradiance stress (Masojidek and Koblizek, 
2007). 
2.2.1.4    Agitation  
During the culturing process of algal cells, some sort of agitation is necessary to assist 
nutrient and gas exchange to increase the contact between cell surface and water (Lee 
and Shen, 2007). Agitation keeps the cells dispersed preventing the settling and 
sedimentation of growing cells on the walls of the cultivation equipment, thereby 
minimizing the diffusion gradients at the cell surface and also importantly maximizing 
high biomass yields (Grobbelaar, 2007). When there is a high cell density in 
suspension, availability of light is usually limited but can be increased by mixing, 
which creates minor photic zones that are  sufficient for photosynthesis thereby 
enhancing the light/dark frequency leading to increased photosynthetic effectiveness 
(Tredici, 2007).  
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2.2.1.5    Temperature  
There is a strong correlation between temperature and biochemical reactions which 
affect microalgal growth as maximal productivity can only be achieved when 
nutritional needs are met at correct optimal temperatures (Hu, 2007; Richmond, 2007). 
Optimum temperature for growth of microalgae is usually between 20 ℃ to 30 ℃, 
while temperatures lower than 16 ℃ decrease growth rate, many microalgae die at 
temperatures above 35 ℃ (Oilgae, 2009). There is a relationship between temperature 
and light intensity since lamps and sunlight emits heat (Richmond, 2007). 
Polyunsaturated fatty acids within the membranes and fluidity of the 
membrane system is increased at low temperature. This is essential in protecting the 
thylakoids and the photosynthetic machinery of microalgal cells from photo inhibition. 
Therefore, lipid classes and composition is affected by temperature rather than the total 
lipid content (Hu, 2007). 
2.2.1.6    pH   
The pH is another factor known to affect the growth of microalgae with the fastest 
growth achieved for different species and strains at different optima (Kong et al., 
2009). The general pH optimum for most freshwater species is roughly between 7-9 
and the pH optimum for Scenedesmus sp. is around 7.5 (Whitacre, 2010). Failure to 
maintain the correct pH can lead to slow growth of microalgae or eventual culture 
collapse, because pH can affect the availability and solubility of CO2 and minerals in 
the medium (Oilgae, 2009; Mathias, 2012).  
2.2.2      Nutritional Composition of Scenedesmus sp. 
Similar to higher plants, the chemical composition of algae is not constant as it is 
determined by factors like environmental, temperature, pH value, mineral contents, 
CO2 supply, population, density, growth phase and algae physiology  which can 
modify its chemical composition (Gouveia et al., 2008). According to Yamaguchi 
(1997), microalgae have the ability to biosynthesize, metabolize, store and also secrete 
a diverse range of primary and secondary metabolites. Microalgal biomass is made up 
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of different nutritional components of which the main three are: proteins, 
carbohydrates and lipids (oil) (Indira & Biswajit, 2012).  The following are some of 
the reasons why microalgae came to be of such commercial importance due to its 
nutritional composition; (1) the presence of high protein content in microalgae is the 
main reason it should be considered as a conventional source of protein, (2) its amino 
acid pattern compares favorably with other foods, (3) carbohydrates are obtained in 
various forms such as starch, glucose, sugars, other polysaccharides and, (4) its total 
digestibility is extremely high which explains why there are no limitations in its use in 
food and feed wholly (Cornet, 1998; Becker, 2004; Solletto et al., 2005). 
 Microalgal biomass consists of carbohydrates, proteins and oils (Sheenan et 
al., 1998). Scenedesmus sp. are particularly found to contain all essential amino acids 
and a good amount of protein, lipid and essential minerals (Geldenhuys et al., 1988). 
According to (Becker, 2004; Batista et al., 2007) Scenedesmus contains lipids, 
proteins, and carbohydrates which can compare favorably with other food protein 
(Table 2.1).  
Table 2.1: Nutrient Composition of Different Scenedesmus sp. (% dry matter)  
Scenedesmus 
sp./ 
Food products 
 
Protein  Carbohydrate Lipid Ash References 
 
Soybeans  
 
 
37 
 
 
30 
 
20 
 
- 
 
Becker, 2004 
Meat  
 
43 1 34 - Becker, 2004 
Milk  
 
26 38 28 - Becker, 2004 
S. dimorphus 
 
8-18 21-52 16-40 - Um & Kim 2009; Sydney et 
al., 2010 
S. obliquus 50-56 10-17 12-14 - Becker, 2004 
 
S. acutus 
 
50-60 10-17 12-14 6-10 Soeder & Prabst, 1970 
S. quadricauda 
 
47 - 1.9 - Um & Kim 2009; Sydney et 
al., 2010 
S. obliquus 
 
6-12 33-64 11-21 - Batista et.al., 2007 
S. dimorphus 
 
60-70 13-16 6-7 - Batista et.al., 2007 
S. obliquus 
 
34.5 - 16.13 12.0 Toyub   et.al., 2008 
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2.2.3      Antibacterial Activities of Scenedesmus sp. 
Scenedesmus sp. have been reported to produce antimicrobial substances which from 
the pharmaceutical’s point of view, are a good source of new bioactive compounds. 
The potential of fatty acids to inhibit the growth and survival of pathogenic bacteria 
has been recognized for several years. They enhance membrane damage that 
eventually enables cell leakage. Recently, studies of its structure-function relationship 
make it more evident that these antimicrobial activities rely on both the chain length 
and the degree of unsaturation of the fatty acids (Guedes et al., 2011b). Patented 
application of astaxanthin is also available for preventing bacterial infections (Jouni 
and Makhoul, 2012).  
Desbois and Smith (2009) claimed that Scenedesmus costatum exhibited 
antibacterial activity against aquaculture bacteria as a result of their more than 10 
carbon atoms in chain length of fatty acids. Furthermore, Guedes et al. (2011a) 
reported that Scenedesmus sp. is among the few members of the green algae to produce 
antimicrobial substances and have active and prominent antibacterial properties that 
inhibited the growth of several pathogenic strains of bacteria when tested against them 
(Table 2.2). These include; Salmonella sp., Escherichia coli and Staphylococcus 
aureus. 
Table 2.2: Antibacterial Inhibition of Various Scenedesmus sp. 
Staphylococcus aureus Escherichia coli Salmonella typhi References 
    
8 mm - 9 mm Ghasemi et al. (2007) 
16 mm - - Najdenski et al. (2013) 
18 mm - - Najdenski et al. (2013) 
17 mm - - Najdenski et al. (2013) 
10 mm - - Abedin & Taha (2008) 
15 mm R R Abedin & Taha (2008) 
12 mm 15 mm R Abedin & Taha (2008) 
5 mm - - Ördög et al. (2004)  
Note: R- Resistant 
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2.2.4     Mechanism of action of antibacterial agents 
Antimicrobial agents can be described as either bacteriostatic or bactericidal (Salvador 
et al., 2007). Several proposed mechanisms responsible for antimicrobial action of 
bioactive compounds include membrane damage, changes in intracellular pH, 
membrane potential, and ATP synthesis (Lambert et al., 2001; Leuko et al., 2004). 
Mechanism of action of antimicrobial agents can also be based on the structure of the 
bacteria or the function that is affected by the agents (Pradhan et al., 2014). Cucco et 
al. (2007) reported carotenoids to be responsible for digestion of cell wall by lysozyme 
enzymes. Flavonoids are said to increase the permeability of the inner bacterial 
membrane and a dissipation of the membrane potential (Mirzoeva et al., 1997). 
Though the exact mechanism of action by fatty acids and lipids remains largely 
unknown, they are thought to act upon multiple cellular targets, and membrane damage 
will lead to cell leakage, reduction of nutrient intake and cellular respiration (Lampe 
et al., 1998; Debois et al., 2009). 
2.2.5    Extraction of Biologically Active Compounds from Scenedesmus sp.  
This is an important aspect to be considered in order to extract and isolate compounds 
of interest effectively. The general techniques of plant and algae extraction include 
maceration, hot continuous extraction (soxhlet), microwave assisted extraction, 
sonication, supercritical fluid extraction, ultrasound assisted extraction, pressurized 
liquid extraction and hand grinding with pestle and mortar (Herrero et al., 2013). All 
of these have also been employed in the extraction of bioactive compounds from 
Scenedesmus algae. According to Herrero et al., (2013), successful determination of 
biologically active compounds from plants is also largely dependent on the type of 
solvent used in the extraction process.  The choice of a solvent used is influenced by 
what the extract is intended for and the targeted compounds. 
In extracting different bioactive compounds from Scenedesmus sp. one of the 
techniques used is solvent extraction. Some important bioactive compounds found in 
Scenedesmus include; pigments, lipids, vitamins and others. Some of the bioactive 
compounds are briefly discussed below; 
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2.2.5.1    Lipids 
The term “lipids” is a vague concept, which is defined as biochemical compounds that 
are not soluble in water but are soluble in organic solvents (Christie, 2005). Lipids and 
fatty acids are found to exist within algal cells in the membrane, as storage products, 
or metabolites (Mathews et al., 2000; Griffiths and Harrison, 2009). Primarily, lipid 
droplets exist in the cytoplasm and not in any other organelles within the cell, making 
it easy to extract from the cells (Oilgae, 2009). The most important structure among 
lipids are the fatty acids which possess a long hydrophobic hydrocarbon tail attached 
to a hydrophilic carboxyl group and are built in other types of lipids (Mathews et al., 
2000). Growth phase and environmental conditions affect the composition and 
productivity of lipids. The lowest yield of lipid formation is achieved during the 
logarithmic growth phase and increased lipid formation is achieved at the end of 
logarithmic growth phase and it is highest in the stationary phase where growth is 
limited (Huerlimann, 2010). All plant cells have lipid and fatty acids as their 
constituents, where they function as membrane components, storage products, 
metabolites, and as sources of energy.  
Lipids extracted with lipophilic organic solvents are commonly called total 
lipids. They can be classified according to their polarity, which depends on the non-
polar (lipophilic) carbon chains (fatty acids) and the polar (hydrophilic) moieties 
(carboxylic groups, alcohols, sugars, etc.). The major part of the non-polar lipids 
(neutral lipids) of microalgae are triglycerides and free fatty acids, whereas the polar 
lipids are essentially glycerides in which one or more of the fatty acids has been 
replaced with a polar group, for instance phospholipids and glycolipids. The average 
lipid content varies between 1 and 40%, and under certain conditions it may be as high 
as 85% of the dry weight (Becker, 2004). Algal lipids are known to be composed of 
sugars or bases that are esterified to saturated fatty acids or unsaturated fatty acids with 
carbon of 12-22 atoms (Pradhan et al., 2012). Fatty acids of the omega 3 and omega 6 
families have been of particular interest for some time now. Previous studies have 
shown that the antibacterial potentials of microalgae are due to fatty acids, particularly 
saturated and unsaturated long chain fatty acids of more than 10 chain length which 
induce the lysis of bacterial protoplasts (Pradhan et al., 2012; Spolaore et al., 2006; 
Kellam et al., 1988). Fatty acids and hydroxyl unsaturated fatty acids, glycolipids, 
terpenoids, lauric acid, linolenic acid, palmitic acid, steroids, phenolics, oleic and 
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stearic acids are all known antibiotics (MacMillan et al., 2002; Shanab, 2007; Tan, 
2007). Algal lipids are known to contain a relatively high amount of long chain, 
especially omega 3- and 6- of FA series such as Eicosapentaenoic, Docosahexaenoic, 
γ- linolenic and α-linolenic acid. These long chains PUFAs in algae have profound 
benefits and functions in dietetics and therapeutic uses (Herrero et al., 2006; Cardozo 
et al., 2007). 
2.2.5.2    Pigment  
Chlorophylls are the principal pigments in photosynthesis, capable of absorbing light 
energy and converting it to “chemical energy”. This is done by the formation of 
chemical compounds rich in energy which are needed for the biosynthesis of 
carbohydrates and other compounds in photosynthetic organisms such as plants, algae 
and photosynthetic bacteria (Scheer, 2006; Scheer, 1991). The Chlorophyta, or green 
algae, have chlorophyll a, b and several carotenoids (Tomaselli, 2004).  
Chlorophyll is one of the most valuable bioactive compounds that are being 
extracted from microalgal biomass. Due to its strong green pigment content and 
consumers growing preference for natural foods, since many foods tend to lose their 
original colors due to the chemical processes they undergo, chlorophyll is gaining 
importance as a food additive (Humphrey, 2004). Changes in market demands and 
legislation resulting from the preference of natural colouring agents used in food 
products have spiked interest in chlorophyll (Spears, 1988). Studies have shown that 
it has antioxidant as well as antimicrobial properties (Humphrey, 2004). This is very 
encouraging and useful information to food manufacturers to switch from artificial 
pigments to chlorophyll-based natural coloring as consumers prefer products with 
original appearance. Astaxanthin is considered to be one of the best carotenoid 
compounds that can successfully protect cells, lipids and membrane lipoproteins from 
oxidative damage (Ranga Rao et al., 2014). It is a sought after compound as it is used 
in food, cosmetics and pharmaceutical applications (Kim et al., 2011). Astaxanthin 
products are commonly found in the form of soft gel, capsules, powder, tablet, oil, 
energy drink, creams and in combination with other herbal extracts from other sources 
(Ranga Rao et al., 2014). Its other biological functions include; immune enhancer, 
strong coloring agent, protects against UV light and is a strong potent antioxidant 
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(Guerin et al., 2003). Other carotenoids of importance include β-carotene and lutein 
whose most important applications are as natural food colorants and in animal feed 
(Vilchez et al., 1997; Del Campo et al., 2000). 
2.2.5.3    Fatty acids 
Helena et al. (2011) reported that Pratt et al. (1944) isolated the first antibacterial 
compound from a freshwater green microalga, Chlorella. The compound chlorellin 
which is a mixture of fatty acids was found to be responsible for the inhibitory activity 
against both Gram positive (+) and Gram negative (-) bacteria. From then on, 
researches aimed at identifying active antibacterial compounds by microalgae has been 
on the rise (Ghasemi et al., 2004). Antimicrobial activity has been more attributed to 
long-chain unsaturated fatty acids (C16- C20) such as palmitoleic, oleic and linolenic 
acids. Likewise, long-chain saturated fatty acids which includes palmitic and stearic 
acids are known to have the same effect although to a lesser extent (Plaza et al., 2010). 
The fatty acids reduce nutrient uptake, inhibit cellular respiration and promote 
membrane damage that will eventually permit cell leakage (Smith et al., 2010). 
2.2.5.4    Vitamins  
Microalgae are known to be a non-conventional source of vitamins because they 
possess several lipid-soluble and water vitamins in much higher concentrations over 
known conventional food (Kay, 1991; Zhang & Lee, 1997). According to Abd El Baky 
& El Baroty (2013), the vitamins contents in microalgae such as Vitamin C, B1 and B2 
are significantly higher than those contained in higher plants. Biological functions of 
Vitamin C include; strengthening the immune system, trapping free radicals, 
regenerating Vitamin E, activating intestinal absorption of iron (Burtin, 2003). B 
Vitamins (B1, B2, B12) are used in the treatment of anemia, effect of aging and chronic 
fatigue syndrome (Herrero et al., 2013). 
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2.2.5.5    Polysaccharides 
Studies carried out with Scenedesmus spp. and other microalgae have shown that 
certain polysaccharides have medical effects (Skjanes et al., 2013). These 
polysaccharides function as a protection against oxidative stress, have efficacy on 
gastric ulcers, wounds and constipation (Iwamoto, 2004; Spolaore et al., 2006). 
Borowitzka (1995) also reported microalgal polysaccharides as having antibacterial 
properties. 
2.2.6      Other Applications of Scenedesmus spp. 
Some applications of Scenedesmus sp. in industries are discussed briefly below; 
2.2.6.1    Bio hydrogen (BioH2) production 
Scenedesmus sp. has been used as a feedstock for BioH2 production as a source of 
biofuel to power both light and heavy – duty vehicles, as well as jet and marine engines 
(Gouveia et al., 2012). Currently all major car producers offer cars running on 
hydrogen as fuel. It was discovered that Scenedesmus sp. was able to produce 
hydrogen and this discovery has led to the search for a way to use this algae to convert 
solar energy into this useful energy carrier (Skjanes et al., 2013). 
2.2.6.2    Potential source of biodiesel 
Due to global warming and exhaustion of fossil fuels which has become a worldwide 
problem resulting from the emission of greenhouse gasses (GHG), attempts have been 
made to find alternative source of energy from various biological materials such as 
plants, animal fat and microalgae (Pandian and David 2012). In a study carried out by 
Pandian and David (2012), they showed that Scenedesmus sp. had a high oleic acid 
content of about 52.8 % making it most suitable for the production of good quality 
biodiesel. 
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2.2.6.3    Wastewater treatment 
Treatment of waste is an important problem in the world due to the increase in 
population and industrial activities. Algal technology is an important alternative source 
of solution to this problem as algae biovolume is used to remove unwanted materials 
such as heavy metals, textile dyes and excess fertilizer. Agricultural and municipal 
wastes contain all the macro and micro-nutrients that are needed for algal growth; 
therefore it is economical to grow algae in wastewater (Toyoub et al., 2008). Because 
of the special ability of Scenedesmus sp.  to adapt to different environmental 
conditions, it is being used in domestic and industrial wastewater treatment. It has 
recently been used in removing heavy metals and in the production of oxygen and in 
converting waste products into beneficial substances (Abuzer et al., 2008). 
2.2.6.4    Feed for aquaculture organisms 
Various microalgal species have become a preferred natural feed for many aquaculture 
organisms including oysters, mussels, brine shrimp and fish larvae. In a study reported 
by Yamaguchi (1997), it was shown that a diet of dried microalgae biomass or extracts 
could improve the quality of cultured fish, particularly in terms of enhancing resistance 
to diseases and improvement of flesh quality. Scenedesmus sp. is one of the most 
popular food sources used in experiments with herbivorous zooplankton (Natrah et al., 
2007). 
2.2.6.5    Medicine 
All algae contain one or more type of Chlorophyll (a, b or c) and so does Scenedesmus 
sp. (Karen et al., 2000; Guedes et al., 2013). Apart from their use in food and 
pharmaceuticals as colorants, chlorophyll derivatives exhibit health promoting 
features which have been used traditionally in wound healing and anti-inflammatory 
conditions as well as control of calcium oxalate crystals and internal deodorization 
(Gouveia et al., 2008).  
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2.2.6.6    Human Nutrition 
 Microalgae have a prospect of enhancing the nutritional content of conventional food 
preparations and to also act as probiotic agents that positively affect the health of 
humans. Today, they are being marketed as health food or food supplement, and are 
commonly sold in the form of tablets, capsules, and liquids (Becker, 2004). Algae are 
also incorporated into pastas, snack foods, candy bars or gums, in drink mixes, and 
beverages, either as nutritious supplement, or as a source of natural food colorant. 
(Spolaore et al., 2006; Gouveia et al., 2008).  
Scenedesmus is among the most used microalgae that has attracted the attention 
of manufacturers in the food and health-food market (Chacón-Lee and Gonzalez 
Marino, 2010). Compared to casein, Scenedesmus has a very high nutritional quality 
and several toxicological assessments on it have not revealed any toxic impacts or 
abnormalities in experiments with test animals (Becker, 1984). Gross et al. (1978) 
carried out a nutritional study by incorporating Scenedesmus sp. into the diet of  
malnourished children (5 g/daily) and adults (10 g/daily) and a slight increase in 
weight was discovered. Subsequently, there was a significant improvement in the 
weight of four year-old children who were fed with microalgae compared to those fed 
with normal diet. In another study carried out by Natrah et al. (2007), a Scenedesmus 
sp. among other microalgae was shown to possess antioxidant properties and 
biochemical contents that could be applied in the nutraceutical industry. Other active 
metabolites have been applied in various industries including; pharmaceutical, food, 
cosmetics, energy, aquaculture, medicine and others (Table 2.3) 
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Table 2.3: Some valuable metabolites found in Scenedesmus sp. 
Metabolites Applications References 
Vitamin B, C, E Health-Food Borowitzka, 1988; Becker, 2004. 
Lutein Animal nutrition, Pharmaceuticals Tukaj et al., 2003; Otto and Wolfgang, 2004; Ceron 
et al., 2008; Skjanes et al., 2013. 
Astaxanthin Aquaculture, cosmetics, Human nutrition, Medicine Otto and Wolfgang, 2004; Gouveia et al., 2008, 
Jouni and Makhoul, 2012. 
β- Carotene Food colorant, Medicine Karen et al., 2000; Indira and Biswajit, 2012; 
Guedes et al., 2013.                                                             
  Mycosporine-like amino acids, sporopollenin  Cosmetics (UV – screening compounds) Indira and Biswajit, 2012; Skjanes et al., 2013. 
Chlorophyll a, b, c Food  colorants, Pharmaceuticals, cosmetics Karen et al., 2000; Gouveia et al., 2008; Indira and 
Biswajit, 2012; Guedes et al., 2013. 
Polysaccharides Medicine, Bioethanol, Bio hydrogen Gouveia et al., 2008; Skjanes et al., 2013. 
Monounsaturated, polyunsaturated and Saturated 
fatty acids (Oleic acid, lauric acid, palmitic acid, 
linoleic acid, α-linoleic acid, stearic acid, and 
others.) 
Biodiesel, Pharmaceuticals, Animal and Human 
nutrition, Aquaculture. 
Ahlgren et al., 1992; Becker, 2004; Kim et al., 
2007; Gouveia and Oliveira, 2009; Pandian and 
David, 2012; Mahale and Chaugule, 2013. 
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2.3        Biotechnology of Scenedesmus sp. in food formulations 
In the 1950’s, an increase in world population lead to the search for alternatives in case 
of shortages of protein sources and food, hence algae was proposed (Huntley and 
Redalje, 2007; Spolaore et al., 2006). Various aquatic algae, including the green 
microalgae Scenedesmus have been studied for their possible use in applications as 
fish feed, human food supplement, human nutrients and pharmaceutical products 
(Belay et al., 1993) and also for bioremediation of polluted water (Chong et al., 2000). 
Microalgae have been used for food by humans thousands of years ago and this was 
started by the Chinese who used Nostoc to survive a famine (Milledge, 2011). Other 
well-known microalgae used for food by humans include; Spirulina by ancient people 
of Chad and Mexico (Chisti, 2007; Henrikson, 2008) Aphanizomenon (Singh et al., 
2005), Dunaliella (Chacon-Lee and Gonzalez-Marino, 2010), and Chlorella 
(Spolaore, 2006). With these discoveries, there was an increased interest in the unique 
bioactive compounds in microalgae which makes them a good candidate as a source 
of food and other functional molecules (Chacon-Lee and Gonzalez-Marino, 2010). In 
the past decade, over 75% of microalgae biomass produced have been dedicated for 
manufacturing tablets and capsules from it (Pulz and Gross, 2004). Scenedesmus 
amongst other more well-known microalgae such as Chlorella, Dunaliella, Spirulina, 
and Haematococcus are gradually gaining acceptance in the food and health-food 
industry (Chacon-Lee & Gonzalez-Marino, 2010).  
The food industry seem to be focused on producing food products with low fat 
or sugar content and a higher fiber content due to consumer demands. With an 
increased demand for healthy foods, microalgae with its array of unique bioactive 
compounds with antibacterial properties can be tapped and included in food 
formulations to protect against food borne diseases. All over the world commercial 
production of microalgae for human nutrition is already a reality. Numerous 
combinations of microalgae or mixtures with other health foods can be found in the 
market in the form of tablets, powders, capsules, pastilles and liquids, as nutritional 
supplements (Gouviea, 2008). They can also be incorporated into food products (e.g. 
pastas, biscuits, bread, snack foods, candies, yoghurts, soft drinks), providing the 
health promoting effects that are associated with microalgal biomass, probably related 
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to a general immune-modulating effect (Belay, 1993). Microalgal pigment has 
commercial uses as a natural food coloring and cosmetic ingredient. Some microalgae 
contain substantial amounts of carotene and chlorophyll which are the main 
components of microalgal pigments and are both tapped for use as food coloring 
agents. Beta carotene is also used as a food coloring (a major application of it is in 
providing the yellow color to margarine), and it also enhances the color of the flesh of 
fish and the yolk of eggs and to improve the health and fertility of grain-fed cattle 
when ingested as a food additive (Borowitzka & Borowitzka, 1987).  
2.4          Food borne microorganisms 
Food borne microorganisms are organisms that cause disease through the ingestion of 
contaminated food. They include a variety of enteric bacteria, aerobes, anaerobes, viral 
pathogens, parasites, as well as marine dinoflagellates. Pathogens like Shigella spp. or 
the Norwalk-like viruses, require the human host as part of their life cycle (Tauxe, 
2002).  Food borne pathogens are always transmitted through food, and food poisoning 
outbreaks take place due to the ingestion of pathogenic bacteria like Salmonella sp., 
Escherichia coli, Staphylococcus aureus, Vibrio cholera, Campylobacter jejuni, and 
Listeria monocytogenes (Abdul-Mutalib et al., 2015) 
2.4.1        Description of Staphylococcus aureus 
Staphylococcus aureus is a Gram positive, non-motile, non-spore-forming spherical, 
facultative anaerobic bacterium belonging to the Staphylococcus genus. The cells are 
usually spherically single and often grape-like clusters (Figure 2.1). As a facultative 
anaerobe it can grow under both aerobic and anaerobic conditions but growth occurs 
at a much slower rate under anaerobic conditions. The Staphylococcus genus is 
subdivided into 32 species and sub species (Le Loir et al., 2003; Montville & Mathews, 
2008; FDA, 2012). 
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Figure 2.2: Gram stain micrograph of Staphylococcus aureus (Jahan et al., 2015) 
2.4.2      Growth and survival characteristics 
The growth and survival of S. aureus is dependent on a number of environmental 
factors such as temperature, water activity (𝑎𝑤), pH, the presence of oxygen and 
composition of food. These physical parameters vary for different S. aureus strains 
(Stewart, 2003). The staphylococcal cell wall is resistant to lysozyme and sensitive to 
lysostaphin, which specifically cleaves the pentaglycin bridges of Staphylococcus 
species (Le Loir et al., 2003). S. aureus are able to grow in a temperature range of 7 - 
48 ℃ with an optimum of 30 ℃ - 37 ℃, pH of 4.2 - 9.3 with an optimum of 7.0 - 7.5 
(Le Loir et al., 2003). These characteristics enable the bacteria to survive in a wide 
variety of foods especially those requiring manipulation during processing including 
fermented food products like cheese (Le Loir et al., 2003). S. aureus is resistant to 
freezing and survives well in food stored below - 20℃; It is uniquely resistant to 
adverse conditions such as low 𝑎𝑤, high salt content and osmotic stress. (ICMSF 1996; 
Stewart 2003; Montville & Mathews 2008). Several chemical preservatives including 
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sorbates and benzoates inhibit the growth of S. aureus but the effectiveness of these 
preservatives only increases as the pH is reduced (Stewart 2003; Davidson and Taylor 
2007). 
2.4.3      Virulence 
Some S. aureus strains are able to produce staphylococcal enterotoxins (SEs) and are 
the causative agents of staphylococcal food poisoning (Le Loir et al., 2003; Ono et al., 
2008; Thomas et al., 2007). Staphylococcal food poisoning is an intoxication that is 
caused by the ingestion of food containing preformed SEs (Argudin et al., 2010). There 
are several different types of SE and to date, 21 SEs have been described with some 
of them proven to be emetic (Le Loir et al., 2003; Ono et al., 2008; Thomas et al., 
2007). SEs are short proteins (194 - 245 aa) which are soluble in water, highly stable, 
resist most proteolytic enzymes such as pepsin or trypsin and thus keep their activity 
in the digestive tract after ingestion (Thomas et al., 2007). Enterotoxin A is commonly 
associated with staphylococcal food poisoning while enterotoxins D, E and H and to a 
lesser extent B, G, and I have also been associated with staphylococcal food poisoning 
(Seo and Bohach, 2007; Pinchuck et al., 2010). 
Staphylococcal enterotoxins are produced during the exponential phase of S. 
aureus growth, with the quantity being strain dependent. Typically, doses of SE that 
cause illness result when at least 105- 108 CFU/g of S. aureus are present (Seo and 
Bohach, 2007; Montville & Mathews, 2008). S. aureus produces SEs within the 
temperature range of 10 - 48 ℃ with an optimum of 40 - 45 ℃. As the temperature 
decreases, the level of SE production also decreases. However, SEs remains stable 
under frozen storage. They are extremely resistant to heating and can survive the 
process used to sterilize low acid canned foods. SE production can occur in a pH range 
of 4.5 - 9.6, with an optimum of 7 - 8. Production of SE can occur in both aerobic and 
anaerobic environments; however, toxin production is optimum in aerobic conditions 
(ICMSF 1996; Stewart, 2003). SEs are resistant to the heat and low pH conditions that 
can easily destroy S. aureus bacteria. They are also resistant to proteolytic enzymes, 
hence SEs retain their activity in the gastrointestinal tract after ingestion. SEs range in 
size from 22 - 28 kDa and contain a highly flexible disulphide loop at the top of the 
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N-terminal domain that is required for stable conformation and is associated with the 
ability of the SE to induce vomiting (Argudin et al., 2010). 
It has been suggested that SEs stimulate neuroreceptors in the intestinal tract 
which transmit stimuli to the vomiting center of the brain via the vagus nerve 
(Montville & Mathews 2008; Argudin et al., 2010). In addition, SEs are able to 
penetrate the lining of the gut and stimulate host immune response. The release of 
inflammatory mediators such as histamine causes vomiting. The host immune 
response also appears to be responsible for the damage to the gastrointestinal stomach 
and upper part of the small intestine. Diarrhea that can be associated with 
staphylococcal food poisoning maybe due to the inhibition of water and electrolyte re-
absorption in the small intestine (Argudin et al., 2010). 
2.4.4      Mode of transmission 
Staphylococcal food poisoning occurs when food is consumed that contains SEs 
produced by S. aureus. It frequently involves foods that require considerable handling 
during preparation and that are kept at slightly elevated temperatures after preparation 
(Le Loir et al., 2003). S. aureus colonizes in 30 % - 50 % of healthy human population 
(Lowy, 1998) and the anterior nares of the nose are the most frequent carriage site for 
the bacteria (Wertheim et al., 2005). Food handlers carrying enterotoxin-producing S. 
aureus in their noses or on their hands are regarded as the main source of food 
contamination via direct contact or through respiratory secretions (Argudin et al., 
2010). 
2.4.5      Foods susceptible to Staphylococcus aureus poisoning 
Foods that are frequently susceptible to Staphylococcus aureus poisoning include; 
poultry and egg products, milk and dairy products, meat and meat products, vegetables, 
bakery products, particularly cream-filled pastries and cakes, sandwich fillings, salads 
and salted food products have all been implicated (Wieneke et al., 1993; Qi & Miller, 
2000; Tamarapu et al., 2001).  Fast food or restaurant prepared food has become a 
necessity due to the fast pace of living nowadays. In Malaysia, the limitation of time 
for most people to prepare meals for themselves has increased the demand for food 
63 
 
 
 
REFERENCES 
 
Abd El Baky, H.H., & El Baroty, G.S., (2013). Healthy benefit of microalgal bioactive 
substances. Journal of aquatic Science, 1: 11-23. 
Abd El Baky, H.H., & El Baroty, G.S., (2012). Food & Function, 3: 381-388. 
Abdul-Mutalib, N.A., Syafinaz, A.N., Sakai, K.  Shirai, Y., (2015). An overview of 
foodborne illness and food safety in Malaysia. International Food Research 
Journal 22(3): 896-901. 
Abedin, R. M. A., & Taha, H. M., (2008). Antibacterial and Antifungal Activity of 
Cyanobacteria and Green Microalgae. Evaluation of Medium Components by 
Plackett – Burman Design for Antimicrobial Activity of Spirulina Platensis. 
Global Journal of Biotechnology and Biochemistry, 3 (1): 22 - 31. 
Abuzer C., Muharrem B., & Husseyin B., (2008). Modeling of Scenedesmus Obliquus; 
function of nutrients with modified Gompertz model. Bioresource, 99: 8742-
8747. 
Ahlgren, G., Gustafsson, I.B., & Boberg, M., (1992). Fatty acid content and chemical 
composition of fresh water microalgae. Journal of Phycology, 28: 37-50.  
Alcorn T., & Ouyang,Y., (2012). China's invisible burden of foodborne illness. The 
lancet.  379 (9818): 789–790 
Ali, N. & Abdullah M. A. (2012). The food consumption and eating behaviour of 
Malaysian urbanites: Issues and concerns. Geografia Malaysia Journal of 
Society and Space 8 (6): 157-165. 
Altschul, S.F., Madden, T.L., Schäffer, A.A et al. (1997). Gapped BLAST and PSI-
BLAST: a new generation of protein database search programs. Nucleic Acids 
Res 25: 3389-402 
64 
 
 
APHA. (2012). Standard Methods for the Examination of Water and Wastewater, 22nd 
Edition. American Public Health Association, 800 I Street, NW, Washington, 
D.C. 
APHA. (1998). Standard Methods for the Examination of Water and Wastewater, 
Method 10300 C, D. 20th Edition. American Public Health Association, 
Washington, D.C.  
Argudin, M.A., Mendoza, M.C., Rodicio M.R. (2010). Food poisoning and 
Staphylococcus aureus enterotoxins. Toxins, 2(7):1751-1773. 
Aung, M. M. & Chang, Y. S. (2014). Temperature management for the quality 
assurance of a perishable food supply chain. Food Control 40: 198-207.  
Bagamboula, C.F., Uyttendaele, M., & Debevere, J., (2003). Antimicrobial effect of 
spices and herbs on Shigella sonnei and S. flexneri. Journal of Food Protein, 
66: 668-673.  
Batista, A.P., Bandarra, N., Raymundo, A., & Gouveia, L., (2007). Microalgae 
biomass-a potential ingredient for the food industry. EFFoST/EHED Joint 
Conference. Lisbon, Portugal. 
Balaban N., & Rasooly A. (2000). Staphylococcal enterotoxins. International Journal 
of Food Microbiology. 61: 1–10. 
Becker, W., (2004). Microalgae in human and animal nutrition, In: Richmond A (Ed.), 
Handbook of microalgal culture: Biotechnology and applied phycology, 
Blackwell Science Ltd, Oxford. pp. 312-351. 
Becker, E.W., (1984). Biotechnology and exploitation of the green alga Scenedesmus 
obliquus in India. Biomass, 4: 1-19. 
Beena, B.N., & Krishnika, A. (2011). Antibacterial activity of freshwater microalga 
(Scenedesmus sp.) against three bacterial strains. Journal of Bioscience 
Resources, 2(4): 160-165 
Belay, A., Ota, Y., Miyakawa, K., Shimamatsu, H., 1993. Current knowledge on 
potential health benefits of Spirulina. Journal of Applied Phycology. 5: 235–
241. 
Benemann, J. (2007). Chapter 23 Hydrogen and Methane Production by Microalgae, 
In: Handbook of Microalgal Culture - Biotechnology and Applied Phycology, 
Oxford, Blackwell Science Ltd, pp. 403-416.  
Beumer R. R. & Kusumaningrum H. (2003). Kitchen hygiene in daily life. 
International Biodeterioration & Biodegradation 51: 299-302. 
65 
 
 
Bhagavathy, S., Sumathi, P., Jancy, S.B.I., (2011), Green algae Chlorococcum 
humicola- a new source of bioactive compounds with antimicrobial activity. 
Asian journal of tropical biomedicine.S1-S7. 
Bhateja, P., Mathur,T.,  Pandya, M., Fatma, T., Rattan, A.(2006). Activity of blue 
green microalgae extracts against in vitro generated Staphylococcus aureus with 
reduced susceptibility to vancomycin. Fitoterapia, 77(3): 233–235 
Birol, Ö. (2012). Isolation and Identification of Salmonellas from Different Samples, 
Salmonella - A Dangerous Foodborne Pathogen, Dr. Dr. Barakat S M Mahmoud 
(Ed.), InTech, DOI: 10.5772/28246.  
Bligh, E. G. & Dyer, W. J. (1959). A rapid method of total lipid extraction and 
purification. Canadian Journal of Biochemistry, Physiology, 37: 911-917. 
Borowitzka, M. A., (1995). Microalgae as sources of pharmaceuticals and other 
biologically active compounds. Journal of Applied Phycology, 7: 3 – 15. 
Borowitzka, M. A., (1988). Vitamins and fine chemicals from micro-algae, In: 
Borowitzka M.A, Borowitzka L.J (Eds.), Micro-algal Biotechnology, 
Cambridge University Press, Cambridge. pp. 153-196. 
Borowitzka M. A. & Borowitzka L. J., (1988). Dunaliella. In: Borowitzka M.A. & 
Borowitzka L.J. (eds.), Micro-algal Biotechnology. Cambridge University 
Press: Cambridge. pp. 27-58. 
Borowitzka, M. A. & Borowitzka, L. J., (1987). Vitamins and Fine Chemicals from 
Micro-Algae. In M. A. Borowitzka and L. J. Borowitzka (Eds) Micro-Algal 
Biotechnology, New York, Cambridge University Press. 
Brennan, L., Owende, P., (2010). Biofuels from microalgae--A review of technologies 
for production, processing, and extractions of biofuels and co-products. 
Renewable and Sustainable Energy Reviews. 14:557-577. 
Burtin, P. (2003). Nutritional value of seaweeds. Electronic Journal of Environmental 
Agricultural Food Chemistry. 2:498-503.  
Campbell, J., (2011).  High-throughput assessment of bacterial growth inhibition by 
optical density measurements. Current Protocols in Chemistry Biology. 3(3): 1- 
20. doi:10.1002/9780470559277.ch100115. 
Cardozo, H. M., Guaratini, T., Barros, M. B., Falcão, V. R., Tonon, A .P., Lopes, N. 
P., Campos, S., Torres, M. A., Souza, A. O., Colepicolo, P., Pinto, E., (2007). 
Review: Metabolites from algae with economical impact. Comparative 
Biochemistry and Physiology, Part C 146: 60-78. 
66 
 
 
CDC. (2004). Centers for Disease Control and Prevention, National Center for 
Emerging and Zoonotic Infectious Diseases (NCEZID), Division of Foodborne, 
Waterborne, and Environmental Diseases (DFWED). 1600 Clifton Road 
Atlanta, GA 30329-4027, USA. 
Ceron, M. C., Campos, I., Sanchez, J. F., Acien, F. G., Molina, E., & Fernandez-
Sevilla, J.M. (2008). Recovery of lutein from Microalgae biomass: 
Development of a process for Scenedesmus almeriensis biomass. Journal of 
Agriculture and Food Chemistry, 56: 11761-11766. 
Chacón-Lee, T.L., & González-Marino, G.E. (2010). Microalgae for healthy foods – 
possibilities and challenges. Comprehensive reviews in food science and food 
safety, 9 (6): 655-675. 
Chisti Y. (2007). Biodiesel from microalgae. Biotechnology Advances. 25:294-306. 
Christie W.W. (2005). Lipid analysis: isolation, separation, identification and 
structural analysis of lipids, 3rd  edition. American Oil Chemists Society. 
Chong, A.M.Y., Wong, Y.S., Tam, N.F.Y., (2000). Performance of different 
microalgal species in removing nickel and zinc from industrial waste water. 
Chemosphere, 41: 251–257. 
Chu, C.Y., Liao, W.R., Huang, R., & Lin, L.P. (2004). Haemagglutinating and 
antibiotic activities of freshwater microalgae. World Journal of Microbiology 
& Biotechnology. 20: 817-825.        
Coleman AW, Suarez A, Goff L. (1994). Molecular delineation of species and syngens 
in Volvocacean green algae (Chlorophyta). Journal of Phycology, 30: 89-90. 
Cornet, J.F. (1998). Le technoscope: les photobioréacteurs. Biofutur. 176, 1-10.  
Cucco, M. B., Guasco, G., Malacarne, Oltonelli, R. (2007). Effects of beta-carotene 
on adult immune condition and antibacterial activity in the eggs of Grey 
Partridge. Perdix perdix. Comparative Biochemistry and Physiology (A): 1038-
1046 
Cullings, K.W.(1992).  Design and testing of a plant-specifi c PCR primer for 
ecological and evolutionary studies. Mol Ecol 1: 233-240 
Dabur R., Gupta, A., Mandal, T.K.,  Singh, D.D.,  Bajpai, V., Gurav, A.M., &  Laveka, 
G.S (2007). Antimicrobial Activity of Some Indian Medicinal Plants. African 
Journal of of Traditional, Complementary and Alternative medicines. 4(3): 
313–318. 
67 
 
 
Davidson, P. M & Taylor, T. M. (2007). Chemical preservatives and natural 
antimicrobial compounds”. Chapter 33 In: Doyle, M. P, Beuchat, L.R (eds) 
Food microbiology: Fundamentals and frontiers. 3rd edition, ASM Press, 
Washington D.C., p. 713-745. 
Desbois, A. P., Mearns-Spragg, A., & Smith, V. J (2009).A fatty acid from the diatom 
Phaeodactylum tricomutum is antibacterial against diverse bacteria including 
multi-resistant Staphylococcus aureus (MRSA). Marine Biotechnology. 11:45-
52. 
Desbois, A. P & Smith, V. J. (2010). Antibacterial free fatty acids: activities, 
mechanisms of action and biotechnological potential. Applied Microbiology 
Biotechnology.  85(6): 1629-42. doi: 10.1007/s00253-009-2355-3.  
Del Campo, J. A., Moreno, J., Rodriguez, H., Vargas, M.A., Rivas, J., & Guererro, 
M.G. (2000). Carotenoid content of chlorophycean microalgae: factors 
determining lutein accumulation in Muriellopsis sp. (Chlorophyta). Journal of 
Biotechnology. 76: 51-59. 
Fan, M., Liao, Z., Wang, R., Xu, N., (2013). Isolation and antibacterial activity of 
anabaena phycocyanin.  African Journal of Biotechnology, 12:1869-1873. 
Food and Drugs Administration. FDA. (2012). Bad bug book: Foodborne pathogenic 
microorganisms and natural toxins handbook, 2nd edition. US Food and Drug 
Administration, Silver Spring, p. 87-92. Accessed 27 March, 2013. 
Geider, R.  & MacIntyre, H. (2002). Chapter 3 Physiology and Biochemistry of 
Photosynthesis and Algal Carbon Acquisition," In: Phytoplankton Productivity 
Carbon assimilation in marine and freshwater ecosystems, Oxford, Blackwell 
Science Ltd, 2002, pp. 44-77. 
Geldenhuys, D. J., Walmsley, D. J., & Tofrien, D. J. (1988). Quality of algal material 
produced on a fertilizer-tap water medium in outdoor plastic enclosed systems. 
Aquaculture, 68: 157-164. 
Ghasemi Y, Tabatabaei Yazdi M, Shafiee A, Amini M, Shokravi S and Zarrini, G., 
(2004). Parsiguine, a novel antimicrobial substance from Fischerella ambigua. 
Pharmaceutical Biology, 42: 318-322. 
Ghasemi, Y., Moradian, A., Mohagheghzadeh, A., Shokravi, S. & Morowvat, M.H. 
(2007). Antifungal and antibacterial activity of the microalgae collected from 
paddy fields of Iran: Characterization of antimicrobial activity of Chroococcus 
dispersus. Journal of Biological Sciences. 7: 904-910. 
68 
 
 
Gouveia L., Batista A.P., Nobre B.P., Marques P.A.S.S., Moura P., Alves L., 
Passarinho P.C., Oliveira C., Villalobos F., Barragan B.E., Palvara A.M.F. 
(2012). Exploring Scenedesmus obliquus and Nannochloropsis sp. potential as 
a sustainable raw material for biofuels and high added value compounds. In. 
Livro de actas do 1Âº Congresso Iberoamericano Sobre Biorrefinerias, 1-CIAB, 
Los Cabos, Baja California, MÃ©xico, Outubro 24-26, 2012, p. 701-707, ISBN 
976-607-441-200-0 
Gouveia, L., & Oliveira, A.C. (2009). Microalgae as a raw material for biofuels 
production. Journal of Industrial Microbiology Biotechnology, 36: 269-274 
Gouveia, L., Batista, A.P., Sousa, I., Raymundo, A., & Bandarra, N.M. (2008). 
Microalgae in novel food products. In: Papadoupoulos, K. Food Chemistry 
Research Developments. Nova Science Publishers, ISBN 978 – 1- 60456 – 262 
– 0, pp.75-112 
Greenfield H, Southgate DAT (2003). Review of methods of analysis In: Burlingame 
BA, Charrondiere UR, editors. Food composition data- production, 
management, and use. 2nd ed Rome: Food and Agriculture Organization of the 
United Nations. 
Griffiths, M & Harrison, S. (2009). Lipid productivity as a key characteristic for 
choosing algal species for biodiesel production. Journal of Applied Phycology, 
21:493-507. 
Grobbelaar, J. (2007). Chapter 6 Algal Nutrition, Mineral Nutrition, In: Handbook of 
Microalgal Culture - Biotechnology and Applied Phycology, Oxford, Blackwell 
Science Ltd, pp. 97-115. 
Gross, R., Gross, U., Ramirez, A., Cuadra, K., Collazos, C., & Feldheim, W. (1978). 
Nutritional tests with green Scenedesmus with Health and malnourished 
children. Archiv fur Hydrobiologie, Beihefte Ergebnisse der Limnologie, 
11:174-183. 
Guedes, A.C., Barbosa, C. R., Amaro, H. M., Pereira, C. I. and Xavier Malcata, F. 
(2011a), Microalgal and cyanobacterial cell extracts for use as natural 
antibacterial additives against food pathogens. International Journal of Food 
Science & Technology, 46: 862–870. doi: 10.1111/j.1365-2621.2011.02567.x 
Guedes, A. C., Amaro, H. M. and Malcata, F. X. (2011b), Microalgae as sources of 
high added-value compounds—a brief review of recent work. Biotechnology 
Progress, 27: 597–613. doi: 10.1002/btpr.575 
69 
 
 
Guedes, A.C., Maria, S. G., Ana A. M., Ana,V.M N., Duarte, C.M.M., Pintado, M.E., 
& Xavier, M. F. (2013). Supercritical fluid extraction of carotenoids – including 
lutein and chlorophylls a, b and c from a wild strain of Scenedesmus obliquus 
for use in food processing. Journal of Food Engineering, 116(2): 478-482. 
Guerin, M., Huntley, M. E., & Olaizola, M. (2003). Haematococcus astaxanthin: 
Applications for human health and nutrition. Trends in Biotechnology, 2: 210–
216. 
Guiry, M. D. (2014). Scenedesmus Meyen, 1829. In: Guiry, M.D. & Guiry, G.M. 
(2014). AlgaeBase. World-wide electronic publication, National University of 
Ireland, Galway (taxonomic information republished from AlgaeBase with 
permission of M.D. Guiry). Accessed through: on 2014 08-05 
Guiry M.D. (2015).  In: Guiry, M.D. & Guiry, G. M. AlgaeBase. World-wide 
electronic publication, National University of Ireland, Galway. Accessed on 16 
April 2015. 
Gündüz, T., Cumen, S., Ari, A., Demirel, M. M., Etiz, S., & Tay, Z. (2011). 
Microbiological investigation of stool in patients with acute diarrhea. African 
Journal of Microbiology Research, 5(4): 456-458. 
Harrison, S., Griffiths, M., Garcin, C & van Hille, R. (2011). Interference by pigment 
in the estimation of microalgal biomass concentration by optical density, 
Journal of Microbiological Methods, 85:119-123. 
Helena, M. A, Catarina Guedes, A., & Xavier M. F (2011). Antimicrobial activities of 
microalgae: an invited review. In: MendezVillas A (eds) Science against 
microbial pathogens: communicating current research and technological 
advances-Microbiology, Book Series-No: 3, Vol. 2: Formatex Research Center, 
Spain. pp. 1272- 1280. 
Henrikson, R. (2008). In the beginning were blue-green algae. Spirulina Source. com. 
[Online] Ronore Enterprises, 2008. http://www.spirulinasource.com/
earthfoodch1a.html 
Herrero, M., Jose, M.A., Merichel, P., & Elena, I. (2013). Screening for Bioactive 
Compounds from Alga. James Weifu Lee (ed.), Advanced Biofuels and 
Bioproducts, Springer New York Heidelberg Dordrecht London. ISBN 978-1-
4614-3347-7. Doi 10.1007/978-1-46143348-4_35, 833. 
70 
 
 
Herrero M, Cifuentes A, Ibanez E (2006). Supercritical fluid extraction of functional 
ingredients from different natural sources: Plants, food-by-products, algae and 
microalgae.  A review. Food Chemistry, 98: 136-148 
Horwitz, W. 1984. Official Method of Analysis of the Association of Official 
Analytical Chemist. 14th edition, Association of Official Analytical Chemist 
1018 pp. Washington, D.C. 
Hu, Q. (2007). Chapter 5 Environmental Effects on Cell Composition, In: Handbook 
of Microalgal Culture - Biotechnology and Applied Phycology, Oxford, 
Blackwell Science Ltd, 2007, pp. 83-93. 
Huerlimann, R., Nys, R. D. & Heimann, K. (2010). Growth, Lipid Content, 
Productivity, and Fatty Acid Composition of Tropical Microalgae for Scale-Up 
Production. Biotechnology and Bioengineering, 107.  
Humphrey, A. M. (2004). Chlorophyll as a color and functional ingredient. Journal of 
Food Science, 69(5): 422–425. 
Huntley, M. E. & Redalje, D.G., (2007). CO2 Mitigation and renewable oil from 
photosynthetic microbes: a new appraisal. Mitigation and Adaptation Strategies 
for Global Change, 12: 573-608. 
Ilavarasi, A., Mubarakali,D.,  Praveenkumar, R.,  Baldev, E & Thajuddin, N.(2011). 
Optimization of Various Growth Media to Freshwater Microalgae for Biomass 
Production. Biotechnology, 10(6):540 – 545. 
 International Commission on Microbiological Specifications for Foods. ICSF. (1996). 
Staphylococcus aureus. Chapter 17 In: Microorganisms in food 5: 
Microbiological specifications of food pathogens. Blackie Academic and 
Professional, London, 299-333. 
Indira, P., & Biswajit, R. (2012). Commercial and Industrial Applications of Micro-
algae – A review. Journal of Algal Biomass Utln, 3 (4): 89-100. 
Iwamoto, H. (2004). Industrial production of microalgal cell mass and secondary 
products - major industrial species – Chlorella. In: Richmond, A. (ed.), 
Handbook of microalgal culture. Blackwell Oxford. pp. 255- 263. 
Jahan, M., Rahman, M., Parvej, S.M., Chowdhury, S.M.Z., Haque, E.M., Talukder, 
K.A.M. & Ahmed, S. (2015). Isolation and characterization of Staphylococcus 
aureus from raw cow milk in Bangladesh. Journal of Advanced Veterinary and 
Animal Research, 2(1): 49-55. doi: 10.5455/javar.2015.b47. 
71 
 
 
Jaya, P. G. M., Seshikala, D., Singara, C. M. A., (2007). Antibacterial Activity and 
Biomolecular Composition of certain Freshwater Micro-algae From River 
Godavari (India). Science World Journal, 2(3): 19-23. 
José, V. M. L., Ana, F.F.U.C., Sissi, M. F.,Vânia, M.M. M., (2002). Antibacterial 
activity of extracts of six macroalgae from the northeastern Brazilian coast. 
Brazilian Journal of Microbiology 33:311-313 
Johnson J.L, Fawley M.W, Fawley K.P. (2007). The diversity of Scenedesmus and 
Desmodesmus (Chlorophyceae) in Itasca State Park, Minnesota, USA. 
Phycologia 46: 214-229. 
Jouni, Z., & Makhoul, Z. (2012). Carotenoid containing compositions and methods. 
Patent US 20120238522, 20th September, 2012. 
Karen, H.W., Maarten, B., Anita, M., & Heinke, B. (2000). Extraction of pigments and 
fatty acids from the green alga Scenedesmus Obliquus (Chlorophyceae). 
Aquatic Ecology, 34: 119-126. 
Karl, D., R. Bidigare and R. Letelier, (2002). Chapter 9; Sustained and Aperiodic 
Variability in Organic Matter Production and Phototrophic Microbial 
Community Structure in the North Pacific Subtropical Gyre, In: Phytoplankton 
Productivity Carbon assimilation in marine and freshwater ecosystems, Oxford, 
Blackwell Science Ltd, 2002, pp. 222-264.  
Kay, A.R. (1991). Microalgae as food and supplement. Critical Reviews. Food Science 
nutrition, 30: 555-573. 
Kellam, S. J., Cannell, R. J. P., Owsianka, A. M., Walker, J. M. (1988). Results of a 
large scale screening programmed to detect antifungal activity from marine and 
freshwater micro algae in laboratory culture. Journal of British Phycology, 
23:45-47. 
Kent, M., Welladsen, H. M., Mangott, A., & Li, Y. (2015). Nutritional Evaluation of 
Australian Microalgae as Potential Human Health Supplements. PLoS ONE, 
10(2), e0118985. http://doi.org/10.1371/journal.pone.0118985 
Kim, M. K., Park, J.W., Park, C. S., Kim, S. J., Jeune, K. H., Chang, M.U., & Acreman, 
J. (2007). Enhanced production of Scenedesmus spp. (green microalgae) using 
a new medium containing fermented swine wastewater. Bioresource 
Technology, 98:2220-2228. 
 
72 
 
 
Kim, J. H., Chang, M.J., Choi, H.D., Youn, Y.K., Kim, J.T., Oh, J.M.,& Shin, 
W.G.(2011). Protective effects of Haematococcus astaxanthin on oxidative 
stress in healthy smokers. Journal of Medicinal Food. 14:1469–1475, 
doi:10.1089/jmf.2011.1626. 
Komarek J, & Fott B. (1983). Chlorophyceae (Grunalgen) Ordnung: Chlorococcales. 
In: Huber-Pestalozzi G. ed.Das Phytoplanktondes Suswassers. E. 
Schweizerbartsche Verlagsbuchhandlung: pp. 628-647. 
Kong, Q., Li, L., Martinez, B., Chen, P., &  Ruan, R. (2009). Culture of Microalgae 
Chlamydomonas reinhardtii in Wastewater for Biomass Feedstock Production. 
Applied Biochemistry Biotechnology, 160: 9–18. 
 Krieg, N.R., & Holt, J.G. (1984). Bergey's Manual of Systematic Bacteriology (Eds.). 
Volume 1. Williams and Wilkins,ISBN 0-683-04108-8, Baltimore, USA 
Lambert, R. J. W., Skandamis, P. N.,  Coote, P., & Nychas, G. J. E (2001). A study of 
the minimum inhibitory concentration and mode of action of oregano essential 
oil, thymol and carvacrol. Journal of Applied Microbiology. 91:453-462.  
Lampe M.F., Ballweber L.M., Isaacs C.E., Patton D.L. & Stamm W.E. (1998) Killing 
of Chlamydia trachomatis by novel antimicrobial lipids adapted from 
compounds in human breast milk. Antimicrobial Agents and Chemo-therapy 
45:1239 –1244. 
Lan, C., Li, Y., Horsman, M., Wu, N., & Dubois-Calero, N. (2008). Biofuels from 
Microalgae. Biotechnology Progress. 24(4): 815-820. 
Lalitha, M. K., (2004). Manual on Antimicrobial Susceptibility Testing (Under the 
Auspices of Indian Association of Medical Microbiologists). Vellore, India: 
C.M.C. Vellore. 
Lee, K., Eisterhold M.L, Rindi F., Palanisami, S, Nam, P.K. (2014). Isolation and 
screening of microalgae from natural habitats in the midwestern United States 
of America for biomass and biodiesel sources. Journal of Natural Science, 
Biology and Medicine, 5:333-9. 
Lee, Y. K. & Shen, H. (2007). Basic culturing techniques for microalgae. In: 
Handbook of Microalgal Culture, Biotechnology and Applied Phycology 
(edition. A. Richmond). Blackwell Publishing Ltd., USA, pp. 40-56. 
Le Loir, Y., Baron, F., & Gautier, M. (2003). Staphylococcus aureus and food 
poisoning. Genetics and Molecular Research. 2(1): 63-76. 
73 
 
 
Leuko, S., A. Legat, S. Fendrihan, and H. Stan-Lotter. (2004). Evaluation of the 
live/dead BacLight kit for detection of extermophilic Archae and visualization 
of microorganisms in environmental hypersaline samples. Applied 
Environmental Microbiology. 70:6884-6886 
Li, W.H (1997). Molecular Evolution. Sinauer Associates. Sunderland, MA, USA. 
Lowy, F. D. (1998). Staphylococcus aureus infections. New England Journal of 
Medicine 339(8):520-32. 
Lu¨ J, Sheahan, C & Fu P (2011). Metabolic engineering of algae for fourth generation 
biofuels production. Energy Environmental Science. 4: 2451–2466. 
MacMillan, J. B., Ernst-Russell, M. A., De Roop, J. S., Molinski, T. F. (2002).  
Lobocyclamides A-C, lipopeptides from a cryptic cyanobacterial mat 
containing Lyngbya confervoides. Journal of Organic chemistry, 67:8210-
8215.  
Mahale, V.E., & Chaugule, B.B. (2013). Optimization of freshwater green alga 
Scenedesmus incrassatulus for biomass production and augmentation of fatty 
acids under abiotic stress conditions. Phykos, 43 (1): 22-31. 
Masojidek, J., & Koblizek, M. (2007). Photosynthesis in Microalgae, In: Handbook of 
Microalgal Culture - Biotechnology and Applied Phycology, Oxford, Blackwell 
Science Ltd, 2007, pp. 20-39.  
Mathews, C. K., van Holde, K. E. & Ahern, K. G. (2000). Biochemistry. 3rd edition, 
San Francisco: Addison Wesley Publishing Company, 2000.   
Mathias, B. (2012). Cultivation of eleven different species of freshwater microalgae 
using simulated flue gas mimicking effluents from paper mills as carbon source. 
Göteborg : Chalmers tekniska högskola. 108s. 
McEvoy, E., Wright, Ph. C. & Bustard, M. T. 2004. The effect of high concentration 
isopropanol on the growth of a solvent-tolerant strain of Chlorella vulgaris. 
Enzyme Microbiology Technology. 35:140–6.  
McGahey, L. (1999). Solution concentration calculations. The College of St. 
Scholastica,DuluthMN. 
http://faculty.css.edu/lmcgahey/web/chm102/solutions/concalc.html 
Medlin, M., Elwood, H.J., Stickel, S., et al. (1988). The characterization of 
enzymatically amplified eukaryotic 16S-like rRNA-coding regions. Gene 71: 
491-499. 
 
74 
 
 
Mendes, M., Pereira, R., Sousa Pinto, I., Carvalho, A.P. & Gomes, A.M. (2013).  
           Antimicrobial activity and lipid profile of seaweed extracts from the North  
Portuguese Coast.  International Food Research Journal 20(6): 3337-3345. 
Milledge, J. J. (2011). Commercial application of microalgae other than as biofuels: a 
brief review. Reviews in Environmental Science and Biotechnology, 10: 31-41. 
Ministry of Health. (2014). Annual Reports, Planning Division, Health Informatics 
Centre, MOH/S/RAN/7314(TR). Retrieved on 28th January 20, 2016 from 
http://www. moh.gov.my. 
Ministry of Health. (2010). Annual Reports, Planning Division Health Informatics 
Centre Ministry of Health, Malaysia. Retrieved on 28th January, 2016 from 
http://www.moh.gov.my/v/stats_si. 
Miquel, L., (2003). Phenotypic plasticity in the green algae Desmodesmus and 
Scenedesmus with special reference to the induction of defensive morphology. 
Annales de Limnologie - International Journal of Limnology, 39(2): 85-101.  
Miquel, L., & Ellen, V.D. (2000). Grazer-Induced Colony Formation in Scenedesmus: 
Are There Costs to Being Colonial? Oikos 88(1): 111-118 
Mirzoeva, O. K., Grishanin, R. N., Calder, P. C. (1997). Antimicrobial action of 
propolis and some of its components: the effects on growth, membrane potential 
and motility of bacteria. Microbiological Research. 152: 239–246 
Montville, T. J and Mathews, K.R. (2008). “Food microbiology: An introduction”. 2nd 
ed, ASM Press, Washington D.C. 
MubarakAli, D.,  Mohammed Ershath M.I., & Thajuddin, N., (2012). Biodiversity and 
Molecular Evolution of Microalgae on Different Epiphytes and 
Substrates. Pakistan Journal of Biological Sciences, 15: 813-820. 
Mundt, S., Kreitlow, S. & Jansen, R., (2003). Fatty acids with antibacterial activity 
from the cyanobacterium Oscilatoria redeki HUB 051.  Journal of Applied 
Phycology, 15:263-267. 
 Murray R.J. (2005).Recognition and management of Staphylococcus aureus toxin-
mediated disease. International Medical Journal 2:S106–S119. 
Najdenski, H. M., Gigova, L. G., Iliev, I. I., Pilarski, P. S., Lukavský, J., Tsvetkova, I. 
V., Ninova, M. S. & Kussovski, V. K., (2013). Antibacterial and antifungal 
activties of selected microalgae and cyanobacteria. International Journal of 
Food Science & Technology, 48: 1533–1540.  
75 
 
 
Nakamura, C. V., Ueda-Nakamura, T., Bando, E., Melo, A.F.N., Cortez, D.A.G., 
Filho, B. P.D. (1999). Antibacterial Activity of Ocimum gratissimum L. 
Essential Oil. Mem Inst Oswaldo Cruz, Rio de Janeiro, 94(5): 675-678 
Nasseri, A. T., Rasoul-Amini, S., Morowvat, M. H., & Ghasemi, Y., (2011). Single 
Cell Protein: Production and Process. American Journal of Food Technology, 
6: 103-116 
National committee for clinical laboratory standards, (2003a). Performance standards 
for Antimicrobial Disk Susceptibility Tests. 8th ed. Approved standard M2-A8. 
NCCLS, Wayne Pa. 
National committee for clinical laboratory standards. (2003b). Methods for Dilution 
Antimicrobial Susceptibility tests for Bacteria That Grow Aerobically, 6th ed. 
Approved standard M7-A6. NCCLS, Wayne Pa. 
Natrah, F.M.I., Yusoff, F.M., Shariff, M., Abas, F., & Mariana, N.S. (2007). Screening 
of Malaysian indigenous microalgae for antioxidant properties and nutritional 
value. Journal of Applied Phycology, 19: 711-718. 
Nichols, H.W., & Bold, H. C. (1965).  Trichosarcina polymorpha Gen. et Sp. 
Nov. Journal of Phycology 1 (1):34–38. doi:10.1111/j.1529 
8817.1965.tb04552 
Nichols, H.W., 1973. Growth media – freshwater. In: Stein, J.R. (Ed.), Handbook of 
Phycological Methods – Culture Methods and Growth Measurements. 
Cambridge University Press, Cambridge, pp. 7–24. 
Oilgae, (2009). Oilgae Report Academic Edition,"Chennai, Tamil nadu, India. 
Olaizola, M. (2003). Commercial development of microalgal Biotechnology: from the 
test tube to the market place. Biomolecular Engineering, 20: 459-466 
Ono, H. K., Omoe, K., Imanishi, K., Iwakabe, Y., Hu, D. L, Kato, H., Saito, N., 
Nakane, A., Uchiyama, T., & Shinagawa, K. (2008). Identification and 
characterization of two novel staphylococcal enterotoxins, types S and T. 
Infection and Immunity, 76 (11): 4999-5005. 
 Oranusi, U.S., Akande, V.A., & Dahunsi, S.O (2013). Assessment of Microbial 
Quality and Antibacterial Activity of Commonly used Hand Washes. J. 
Biological Chemistry Research. 30(2): 570- 580. 
 
 
76 
 
 
Ördög, V., Stirk, W.A., Lenobel, R., Bancirova, M., Strnad, M., Van, S.J., Szigeti, J., 
& Nemeth, L. (2004). Screening microalgae for some potentially useful 
agricultural and pharmaceutical secondary metabolites. Journal of Applied 
Phycology, 16: 309-314 
Otto, P., & Wolfgang, G. (2004). Valuable Products from Microalgae. Applied 
Microbiology Biotechnology, 65: 635-648.   
Ozdemir, G., Karabay, N.U., Dalay, C.M. & Pazarbasi, B., (2004). Antibacterial 
activity of volatile component and various extracts of Spirulina platensis. 
Phytotherapy Research. 18: 754-757. 
Pandian, P., & David, R. A. (2012). Scenedesmus as a potential source of biodiesel 
among selected microalgae. Current Science, 102: 4-25. 
Pinchuk, I.V., Beswick, E. J., Reyes, V. E. (2010). Staphylococcal enterotoxins. 
Toxins. 2:2177-2197. 
Plaza, M., Santoyo, S., Jaime, L., García-Blairsy Reina, G., Herrero, M., Señoráns, 
F.J. and Ibáñez, E. (2010). Screening for bioactive compounds from algae. 
Journal of Pharmaceutical and Biomedical Analysis 51: 450-455. 
Pradhan J., Das, S., & Das, B. S, (2014). Antibacterial activity of freshwater 
microalgae: A review. African Journal of Pharmacy and Pharmacology, 
8(32):809-818. 
Pradhan, J., Das, B. K., Sahu, S., Marhual, N. P., Swain, A. K., Mishra, B. K., Eknath, 
A. E. (2012). Traditional antibacterial activity of freshwater microalga Spirulina 
platensis to aquatic pathogens. Aquaculture Research, 43:1287-1295. 
Pratt R, Daniels TC, Eiler JB, Gunnison JB, Kumler WD et al. (1944). Chlorellin, an 
antibacterial substance from Chlorella. Science, 99:351-352. 
Pulz, O., & Gross, W. (2004). Valuable products from biotechnology of microalgae. 
Applied Microbiology Biotechnology, 6: 635-648. 
Qi, Y., & Miller, K. J., (2000). Effect of low water activity on staphylococcal 
enterotoxin A and B biosynthesis. Journal of Food Protection, 63:473-478. 
Ranga Rao, A., Siew Moi, P., Sarada, R., & Ravishankar G.A. (2014). Astaxanthin: 
Sources, Extraction, Stability, Biological Activities and Its Commercial 
Applications—A Review. Marine Drugs, 12: 128-152. 
Ray, B. (2001). Fundamental Food Microbiology 2nd ed. CRC Press LLC, Florida. 
p.562  
77 
 
 
Reiser, R. F., Robbins, R. N., Noleto, A. L., Khoe, G. P., & Bergdoll, M. S. (1984). 
Identification, purification and some physiochemical properties of 
staphylococcal enterotoxin C3. Infection and Immunity, 45: 625-630.  
 Reynolds, E., Schuler, G., Hurst, W & Tybor, P. T (2003). Preventing Food Poisoning 
and Food Infection. The University of Georgia College of Agricultural & 
Environmental Sciences Cooperative Extension Service. 
Richmond, A. (2007). Chapter 8 “Biological Principles of Mass Cultivation," In: 
Handbook of Microalgal Culture - Biotechnology and Applied Phycology, 
Oxford, Blackwell Science Ltd, 2007, pp. 125-177. 
Richmond A (1986). Hand book of Microalge Mass Culture. CRC Press Inc. 
Bocaraton Florida 
Riebesell , U. & Wolf-Gladrow, D. 2002. Chapter 5 Supply and Uptake of Inorganic 
Nutrients, In: Phytoplankton Productivity Carbon assimilation in marine and 
freshwater ecosystems, Oxford, Blackwell Science Ltd, pp. 109-140. 
Rosenberger, C., Scott, M., Gold, M., Hancock, R., & Finlay, B. (2000). Salmonella 
typhimurium Infection and Lipopolysaccharide Stimulation Induce Similar 
Changes in Macrophage Gene Expression. The Journal of Immunology, 5894-
5904 
Salvador, N., Gomez-Garreta, A., Lavelli, L and Ribera, M. A, (2007). Antimicrobial 
activity of Iberian macroalgae. Scientia Marina. 71(1): 101-113. 
Scheer, H., (2006). In: Chlorophylls and Bacteriochlorophylls, B. Grimm, R. Porra, 
W. Rudigger, H. Scheer Eds., Springer, Dordrecht, p. 1. 
Scheer, H., (1991). In: Chlorophylls, H. Scheer Ed., CRC Press, Boca Raton, FL, p. 1 
Seo, K. S and Bohach, G. A (2007). Staphylococcus aureus. Ch 22 In: Doyle 
MP,Beauchat,LR (eds) Food microbiology: Fundamentals and frontiers. 3rd 
edition, ASM Press, Washington D.C., p. 493-518.  
Shanab, S. M. M. (2007). Bioactive Allelo-chemical compounds from Oscillatoria 
species (Egyptian isolates). International Journal of Agriculture Biology, 
9(4):617-621.  
Sharifa Ezat W.P., Netty D., Sangaran G (2013). Paper review of factors, surveillance 
and burden of food borne disease outbreak in Malaysia. Malaysian Journal of 
Public Health Medicine, 13 (2):98-105. 
 
78 
 
 
Sheenan, J., Dunahay, T., Benemann, J., & Roessler, P. (1998). A Look Back at the 
U.S. department of Energy´s Aquatic Species Program: Biodiesel from Algae. 
In: National Renewable Energy Laboratory, Golden, Colorado, Midwest 
Research Institute, 1998, pp. 1-328.  
Shelef, L.A., Jyothi, E.K and Bulgarelli, M.A., (1984). Growth of enteropathogenic 
and spoilage bacteria in sage-containing broth and foods. Journal of Food 
Science, 49: (737–740) 809. 
Shimizu, A., Fujita, M., Igarashi, H., Takagi, M., Nagase, N., Sasaki, A., & Kawano, 
J. (2000). Characterization of Staphylococcus aureus coagulase type VII 
isolates from staphylococcal food poisoning outbreaks (1980–1995) in Tokyo, 
Japan, by pulsed-field gel electrophoresis. Journal of Clinical Microbiology, 
38(10): 3746- 3749.  
 Shinmoto, H., Dosako,S., Nakajima, I. (1992). Antioxidant activity of bovine 
lactoferrin on iron/ascorbate induce lipid peroxidation. Bioscience 
Biotechnology Biochemistry. 56 (12):  2079–2080 
Singh, S., Kate, B. N., & Banerjee, U. C., (2005). Bioactive compounds from 
cyanobacteria and microalgae: an overview. Critical Reviews Biotechnology, 
25:73-95   
Skjanes, K., Celine, R., & Peter, L. (2013). Potential for green microalgae to produce 
hydrogen, pharmaceuticals and other high value products in a combined 
process. Critical reviews in Biotechnology, 33(2): 172-215. 
Smid, E.J. & Gorris, L.G.M., (1999). Natural antimicrobials for food preservation. In: 
Rahman, M.S. (Ed.), Handbook of Food Preservation. Marcel Dekker, New 
York, pp. 285–308. 
Smith, V.H., Sturm, B.S.M., deNoyelles, F.J, Billings, S.A, (2010). The ecology of 
algal biodiesel production. Trends Ecology &Evolution 25:301–309. 
Soeder, C. J., & Pabst, W. (1970). Gesichtspunkte zur Verwendung von Mikroalgen 
in der Ernahrung von Tier und Mensch. Ber. Dtsch. Bot. Ges, 83: 607-625. 
Soletto, D., Binaghi, L., Lordi, A., Carvalho, J.C.M., & Converti, A. (2005). Batch and 
fed-batch cultivations of Spirulina platensis using ammonium sulphate and urea 
as nitrogen sources. Aquaculture, 243: 217-224. 
Spears, K., (1988). Developments in food colourings: the natural alternatives. Trends 
in Biotechnology, 6(11): 283–288, 1988. 
79 
 
 
Spolaore, P., Claire, J. C., Elie, D., & Arsene, I. (2006). Commercial Applications of 
Microalgae. Journal of Bioscience and Bioengineering, 101(2): 87-96. 
Steinbrenner J, & Hartmut, L. (2001). Regulation of two carotenoids biosynthesis 
genes coding for phytoene synthase and carotenoid hydroxylase during stress-
induced astaxanthin formation in the green algae Haematococcus pluvialis. 
Plant physiology, 125: 810-817 
Steinman, A. D., & Lamberti, G. A., (1996). Biomass and pigments of benthic algae. 
Pg. 297. In: Methods in Stream Ecology. Hauer, F.R. and G.A. Lamberti (eds). 
Academic Press , San Diego, CA. 
Stewart, C. M. (2003). inStaphylococcus aureus and inStaphylococcal enterotoxins. 
Chapter 12 In: Hocking AD(ed), Food borne microorganisms of public health 
significance. 6th ed, Australian Institute of Food Science and Technology 
(NSW Branch), Sydney, P.359-380. 
Sydney, E.B., Sturm, W., de Carvalho, J.C., Thomaz-Soccol, V., Larroche, C., Pandey, 
A., & Soccol, C.R. (2010). Potential carbon dioxide fixation by industrially 
important microalgae. Bioresource Technology, 101: 5892-5896. 
Tamarapu, S., McKillip, J. L., Drake, M., (2001). Development of a multiplex 
polymerase chain reaction assay for detection and differentiation of 
Staphylococcus aureus in dairy products. Journal of Food Protection, 64:664-
668 
Tan, L. T. (2007). Bioactive natural products from marine cyanobacteria for drug 
discovery. Phytochemistry, 68:954-979. 
Tassou C., Drosinos, E.H., & Nychas, G-J.E., (1995). Effects of essential oil from mint 
(Mentha piperita) on Salmonella enteritidis and Listeria monocytogenes in 
model food systems at 4 °C and 10 °C. Journal of Applied Bacteriology, 78: 
593– 600. 
Tauxe R.V. (2002): Emerging foodborne pathogens. International Journal of Food 
Microbiology, 78: 31–41. 
Thomas D, Chou S, Dauwalder O and Lina G. (2007). Diversity in Staphylococcus 
aureus enterotoxins. Chemical Immunology and Allergy, 93: 24-41. 
Tomaselli, L. (2004). The microalgal cell. In: Richmond A, eds. Handbook of 
Microalgal Culture: Biotechnology and Applied Psychology. Oxford: 
Blackwell Publishing Ltd; 2004: 3-19. 
80 
 
 
Toyub, M. A., Miah, M., Habib, M. A. B., & Rahman, M. M. (2008). Growth 
performance and nutritional value of Scenedesmus obliquus cultured in 
different concentrations of sweetmeat factory waste media. Bangladesh Journal 
of Animal Science, 37(1): 86-93. 
Tranter H.S. (1990). Foodborne staphylococcal illness. Lancet, 336:1044–1046. 
Tredici, M.(2007). Mass Production of Microalgae: Photobioreactors, In: Handbook 
of Microalgal Culture - Biotechnology and Applied Phycology, Oxford, 
Blackwell Science Ltd, 2007, pp. 178-214. 
Tukaj, Z., Matusiak, M.k., Lewandowska, J., & Szurkowski, J. (2003). Changes in the 
pigment pattern and the photosynthetic activity during a light-induced cell circle 
of the green alga Scenedesmus armatus. Plant Physiology and Biochemistry, 
41: 337-344 
Um, B.H., & Kim, Y.S. (2009). Review: A chance for Korea to advance algal-biodiesel 
technology. Journal of Industrial and Engineering Chemistry, 15: 1-7. 
Usman, A.G. (2015). Plankton diversity in temporary water habitat in Upeh Guling, 
Taman Negara Johor, Endau Rompin, Malaysia. Universiti Tun Hussein Onn 
Malaysia: Master’s Thesis. 
Vilchez, C., Garbayo, I., Lobato, M. V., & Vega, M.J. (1997).  Microalgae-mediated 
chemicals production and wastes removal. Enzyme Microbiology Technology, 
20: 562-572.  
Wertheim, H. F., Melles, D. C., Vos, M, C, van Leeuwen W, van Belkum A, Verbrugh, 
H.A., Nouwen, J. L. (2005). The role of nasal carriage in Staphylococcus aureus 
infections. Lancet Infectious Diseases, 5(12): 751-62. 
Whitacre, D. (2010). Reviews of Environmental Contamination and Toxicology, New 
York: Springer Science. 
Wieneke, A. A., Roberts, D., Gilbert, R. J., (1993). Staphylococcal food poisoning in 
the United Kingdom, 1969-1990. Epidemiology and Infection. 110:519-531. 
Yamaguchi, K. (1997). Recent advances in microalgal bioscience in Japan, with 
special reference to utilization of biomass and metabolites: a review. Journal of 
Applied Phycology, 8: 487-502. 
Yancey, R., Breeding, S., & Lankford, C. (1979). Enterochelin (Enterobactin): 
Virulence Factor for Salmonella typhimurium. Infection and Immunity, 174-
180. 
81 
 
 
Zhang, D. H., & Lee Y. K. (1997). Enhanced accumulation of secondary carotenoids 
in a mutant of green algae Chlorococcum sp. Journal of Applied Phycology, 9: 
459-463. 
Zhu, C. J.  & Lee, Y. K., (1997). Determination of biomass dry weight of marine 
microalgae.  Journal of Applied Phycology 9: 189–194. 189 c 1997 Kluwer 
Academic Publishers. Printed in Belgium.
